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The ability of postoperative duplex scan surveil-
lance of lower extremity vein bypass grafts as a
means of demonstrating lesions that threaten graft
patency has been shown.1-7 Repair of these lesions
results in improved overall graft patency.8-11 The
perceived accuracy of duplex scan surveillance, as
well as the cost and potential complications associat-
ed with arteriography, have led some authors to sug-
gest that vein bypass graft revision can be performed
without preoperative arteriography in selected
patients.12-14 Clearly, arteriography must consistent-
ly contribute to planning vein graft revisions for its
routine use to be justified. We sought to determine
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under what circumstances preoperative arteriogra-
phy significantly contributed to the actual operative
procedure performed when the need for reverse vein
graft revision was determined in a duplex scan–based
postoperative graft surveillance protocol.
METHODS
From January 1, 1990, to December 31, 1997,
1129 reversed vein bypass grafts were performed by
the vascular surgical service of the Oregon Health
Sciences University and the Portland Veteran’s
Affairs Hospital. Grafts were anatomically tunneled
and were composed of single or multiple segments of
greater saphenous, lesser saphenous, femoral, or arm
veins.15,16 All patients were prospectively studied in a
graft surveillance protocol by means of history, phys-
ical examination, ankle brachial indices (ABIs), and
duplex scan examination of the entire graft and its
inflow and outflow vessels. Duplex scan surveillance
examinations were performed during the hospitaliza-
tion for vein graft placement or at the first postoper-
ative follow-up visit, every three months for the first
year after the original operation, and every six
months thereafter. Examinations were performed by
registered vascular technologists with an Acuson 128
scanner (Acuson, Mountain View, Calif) with either a
5.0 or 7.5 MHZ probe. Criteria for identifying a
graft at risk included a focal peak systolic velocity
(PSV) greater than 200 cm/s, a systolic velocity ratio
(SVR) between an area of suspected stenosis and the
adjacent normal graft greater than 3.0, the presence
of a midgraft velocity less than 45 cm/s, an interval
drop in ABI greater than 0.2 between examinations,
and/or a change in clinical status. Arteriography was
performed before graft revision. 
All lesions with more than 50% stenosis on arte-
riogram were repaired. The interval from the finding
of a duplex scan abnormality to arteriography and
revision was less than 30 days in more than 95% of
cases. The type of revision procedure performed
depended on the location and severity of the lesion.
Interposition vein grafts involved placement of a
new vein segment within a graft, not involving the
proximal or distal anastomoses. Proximal revisions
and distal extensions involved the creation of new
anastomoses to the native artery with a new vein
segment. Vein patch angioplasty involved placement
of a vein patch over a stenosis, rather than placing a
new segment of vein.
To determine the relative contributions of arteri-
ography and duplex scanning to the actual revision
operation performed, the preoperative duplex scan
and arteriogram findings of each graft revision were
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reviewed and compared with the revision procedure.
Procedures were divided into two groups: those in
which the preoperative arteriogram did not add to
the duplex scan study in determining the graft revi-
sion procedure performed (group I), and those in
which the preoperative arteriogram significantly
influenced the subsequent graft revision (group II).
The latter group was subdivided into those patients
in whom areas of graft stenosis were identified by
means of the duplex scan examination and addition-
al lesions were identified by means of the preopera-
tive arteriogram (group IIA), and those patients in
whom only low flow velocities were detected by
means of duplex scan and an arteriogram was neces-
sary to identify the actual site of stenosis (group IIB).
The indications, conduit, anastomotic sites, dates
of the original lower extremity vein bypass graft pro-
cedure, and dates of the revisions were recorded.
Assisted primary patency, limb salvage, and patient
survival were determined with standard life table
techniques. Patients were assessed for the presence of
tobacco use, diabetes mellitus, renal failure, coronary
artery disease, cerebrovascular disease, earlier failed
ipsilateral lower extremity bypass graft, known hyper-
coagulable state, and use of warfarin anticoagulation. 
Data were entered into a computer database
(Paradox for Windows Version 5.0, Borland Inter-
national, Scotts Valley, Calif). Statistical analysis was
by the chi-square test for frequencies and propor-
tions and the t distribution for comparison of means.
The Kaplan-Meier method with log-rank analysis
was used to estimate assisted primary patency, limb
salvage, and survival (JMP, Version 3.1.5., SAS
Institute, Cary, NC). 
RESULTS
Two hundred five vein bypass graft revisions
were performed in 168 bypass grafts in 162 patients.
In 137 grafts, a single revision was performed. Two
revisions were performed on 27 grafts. Three revi-
sions were performed on two grafts, and four revi-
sions were performed on two grafts. Revisional pro-
cedures performed included vein patch angioplasty
(n = 44), interposition vein grafts (n = 61), revision
of the proximal portion of the graft (n = 65), exten-
sion of the graft distally (n = 51), ipsilateral (n = 10)
and contralateral (n = 2) inflow operations, ipsilater-
al (n = 7) and contralateral (n = 3) iliac angioplasty
and stenting, outflow angioplasty (n = 1), and divi-
sion of a fascial band causing graft stenosis (n = 3). 
In 119 cases (58%), the preoperative arteriogram
made no contribution to the results of duplex scan-
ning in planning the graft revision procedure. In
109 cases (53%), arteriographic and duplex scan
findings were identical. These included 96 cases in
which a single stenotic lesion was identified by
means of duplex scan and 13 cases in which more
than one stenotic lesion was identified by means of
duplex scan. In two cases (1%), a stenotic lesion con-
firmed at operation that was not detected by means
of the arteriograph was identified by means of
duplex scan. In eight cases (4%), additional non-
hemodynamically significant (less than 50% stenosis)
lesions were detected by means of arteriography, but
were not corrected. 
In 86 cases (42%), the actual revision procedure
performed was influenced significantly by means of
preoperative arteriography. In 38 cases (19%), a low-
flow state within the graft was identified by means of
duplex scan, but precisely localizing a stenosis in the
graft or its inflow or outflow vessels was not possi-
ble. In these cases, a single greater-than-50% steno-
sis was detected by means of the arteriogram in 20
cases, and in 18 cases multiple stenotic lesions were
detected by means of arteriography and corrected at
operation.
In 48 cases (23%), a stenotic lesion was identified
by means of duplex scan, but the prerevision arteri-
ogram yielded additional findings that were also cor-
rected at the time of graft revision. Fifty additional
lesions were detected. In 21 cases, the additional
lesion was an ipsilateral arterial stenosis proximal to
the graft. Significant contralateral inflow lesions were
detected by means of the arteriogram in five cases. In
16 cases, additional significant graft stenoses were
detected, 10 distal to the stenosis detected by means
of duplex scan and six proximal to the stenosis detect-
ed by means of duplex scan. In eight cases, an outflow
stenosis distal to the graft was identified by means of
the arteriogram and not by means of duplex scan. In
three cases, two stenotic lesions were suggested by
means of the duplex scan study; however, only one
was present on the preoperative arteriogram and addi-
tional lesions could not be confirmed intraoperatively
(false-positive duplex scan examination). In two cases,
a single stenotic site identified by means of duplex
scan differed in location from that present on the pre-
operative arteriogram. The lesion identified by means
of duplex scan could not be confirmed intraoperative-
ly, and the actual revision performed was confined to
the lesion identified by means of angiography.
Assisted primary patency, limb salvage, patient
survival. Five-year assisted primary patency rate of
the 168 revised vein bypass grafts was 90.9% (Table
I). In cases in which there was no discrepancy
between the arteriogram and duplex scan, 5-year
assisted primary patency rate was 96.9%. This did not
differ statistically from cases in which stenotic lesions
were detected by means of arteriography and those
detected by means of duplex scan (89.7%, P = .13) or
from cases in which only low flow velocities were
detected by means of duplex scan and arteriography
was required to establish the site of stenosis (82.2%,
P = .08). Cumulative 5-year limb salvage rate was
93.4% (Table II). Cumulative 5-year patient survival
rate was 79.1% (Table III).
Demographics. No significant patient demo-
graphic differences were present among cases in
which preoperative arteriography influenced the
revision procedure performed, compared with cases
in which it did not (Table IV).
Earlier vascular procedures. Twenty-five patients
(15%) had previously undergone a contralateral leg
bypass graft. Thirty-seven patients (23%) had a previ-
ously occluded ipsilateral infrainguinal lower extrem-
ity bypass graft before placement of a new graft that
was subsequently revised. Forty-seven revisions were
performed on the present bypass grafts in these
patients. In 36 patients (22%), there had been an ear-
lier ipsilateral inflow procedure (29 aortobifemoral
grafts, four axillobifemoral grafts, and three femoro-
femoral grafts). Forty-five revisions were performed
in these patients. Revisions in grafts after failed bypass
grafts did not have an increased incidence of arteri-
ogram/duplex scan discrepancy, compared with first-
time bypass grafts (Table V).
Inflow artery. Inflow to the 168 revised bypass
grafts was from the common femoral artery (CFA)
in 74 cases (44%), superficial femoral artery (SFA) in
44 cases (26%), profunda femoris artery (PFA) in 44
cases (26%), popliteal artery (POP) in three cases
(2%), and a tibial artery (TIB) in two cases (1%).
When revisions were performed on grafts originat-
ing from the CFA (n = 85; Table VI), preoperative
arteriograms significantly contributed to the subse-
quent procedure performed in 27 cases (32%). This
differed significantly from cases in which the graft
originated from the PFA (n = 56); in these cases,
preoperative arteriograms significantly contributed
to the procedure performed in 33 cases (59%, P <
.05 compared with CFA inflow). Grafts originating
from the SFA (n = 59) had a significantly higher
incidence of cases in which only a low-flow state was
detected by means of duplex scan (25%), compared
with those originating from the CFA (8%, P < .05). 
Outflow artery. Of the 205 revisions per-
formed, 19 were in bypass grafts to the above-knee
popliteal artery (n = 23 revisions), 70 were in bypass
grafts to the below-knee popliteal artery (n = 87
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revisions), 70 were in bypass grafts to tibial arteries
(n = 87 revisions), and 6 were in bypass grafts to
pedal arteries (n = 8 revisions). Increased contribu-
tion of the preoperative arteriogram to the revision
procedure was more frequent in tibial bypass grafts,
in particular those to the peroneal artery, but the dif-
ference was not significant (Table VII).
Sites of stenosis. Two hundred eighty-two
stenoses were corrected in 205 revisions. These
included five contralateral inflow lesions, 37 ipsilat-
Table I.
A. Cumulative assisted primary patency 
Interval (mo) At risk Occluded Withdrawn Interval patency Cumulative patency Standard error
0 to 1 168 0 0 1.000 1.000 0.0000
2 to 6 168 2 6 0.988 0.988 0.0086
7 to 12 160 4 20 0.975 0.962 0.0153
13 to 24 136 2 35 0.985 0.947 0.0185
25 to 36 99 1 18 0.990 0.935 0.0214
37 to 48 80 2 16 0.975 0.909 0.0276
49 to 60 62 0 15 0.985 0.909 0.0276
B. Group I assisted primary patency
Interval (mo) At risk Occluded Withdrawn Interval patency Cumulative patency Standard error
0 to 1 100 0 0 1.000 1.000 0.0000
2 to 6 100 1 3 0.990 0.990 0.0103
7 to 12 96 2 11 0.979 0.969 0.0178
13 to 24 83 0 23 1.000 0.969 0.0178
25 to 36 60 0 15 1.000 0.969 0.0178
37 to 48 45 0 7 1.000 0.969 0.0178
49 to 60 38 0 11 1.000 0.969 0.0178
C. Group IIA assisted primary patency
Interval (mo) At risk Occluded Withdrawn Interval patency Cumulative patency Standard error
0 to 1 48 0 0 1.000 1.000 0.0000
2 to 6 48 1 2 0.979 0.979 0.0210
7 to 12 45 2 8 0.956 0.929 0.0715
13 to 24 35 1 13 0.971 0.897 0.0498
25 to 36 21 0 2 1.000 0.897 0.0498
37 to 48 19 0 6 1.000 0.897 0.0498
49 to 60 13 0 3 1.000 0.897* 0.0498
D. Group IIB assisted primary patency
Interval (mo) At risk Occluded Withdrawn Interval patency Cumulative patency Standard error
0 to 1 32 0 0 1.000 1.000 0.0000
2 to 6 32 0 0 1.000 1.000 0.0000
7 to 12 32 0 1 1.000 1.000 0.0000
13 to 24 31 1 5 0.968 0.967 0.0328
25 to 36 25 1 3 0.960 0.923 0.0531
37 to 48 21 2 3 0.905 0.823 0.0819
49 to 60 16 0 1 1.000 0.823† 0.0819
*P = .12, compared with group I 
†P = .08, compared with group I
Group I includes all patients in whom the preoperative arteriogram did not contribute significantly to the revision procedure.
Group IIA includes all patients in whom a significant lesion was identified by means of duplex scan, and additional significant 
information was obtained from the arteriogram that influenced the revision procedure.
Group IIB includes all patients in whom only a low-flow state was identified by means of duplex scan, and the arteriogram was neces-
sary to identify the actual site of stenosis.
Twelve patients with multiple revisions had revisions that fell in more than one category, accounting for the numerical discrepancy
between Table IA and the sum of Tables IB, IC, and ID.
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eral inflow lesions, 39 proximal anastomotic lesions,
80 proximal graft lesions, 40 midgraft lesions, 26
distal graft lesions, 17 distal anastomotic lesions, and
38 outflow lesions. The distribution of these lesions
in patients in whom arteriography did and did not
significantly contribute to the procedure performed
are listed in Table VIII. Compared with cases in
which arteriography did not contribute significantly
to the procedure performed, inflow lesions were
more frequent in cases in which additional lesions
not seen on duplex scan were detected by means of
arteriography (P < .01) and in cases in which only
Table II.
A. Cumulative limb salvage 
Interval (mo) At risk Amputated Withdrawn Interval salvage Cumulative salvage Standard error
0 to 1 168 0 0 1.000 1.000 0.0000
2 to 6 168 1 6 0.994 0.994 0.0059
7 to 12 161 1 23 0.994 0.988 0.0085
13 to 24 137 4 36 0.971 0.959 0.0164
25 to 36 97 0 19 1.000 0.959 0.0164
37 to 48 78 2 13 0.974 0.934 0.0235
49 to 60 63 0 17 1.000 0.934 0.0235
B. Group I limb salvage
Interval (mo) At risk Amputated Withdrawn Interval salvage Cumulative salvage Standard error
0 to 1 100 0 0 1.000 1.000 0.0000
2 to 6 100 1 4 0.990 0.990 0.0099
7 to 12 95 0 12 1.000 0.990 0.0099
13 to 24 83 1 24 0.988 0.978 0.0154
25 to 36 58 0 14 1.000 0.978 0.0154
37 to 48 44 1 5 0.977 0.956 0.0266
49 to 60 38 0 13 1.000 0.956 0.0266
C. Group IIA limb salvage
Interval (mo) At risk Amputated Withdrawn Interval salvage Cumulative salvage Standard error
0 to 1 48 0 0 1.000 1.000 0.0000
2 to 6 48 0 2 1.000 1.000 0.0000
7 to 12 46 0 10 1.000 1.000 0.0000
13 to 24 36 2 13 0.944 0.944 0.0382
25 to 36 21 0 2 1.000 0.944 0.0382
37 to 48 19 1 5 0.947 0.895 0.0604
49 to 60 13 0 4 1.000 0.895 0.0604
D. Group IIB limb salvage
Interval (mo) At risk Amputated Withdrawn Interval salvage Cumulative salvage Standard error
0 to 1 32 0 0 1.000 1.000 0.0000
2 to 6 32 0 0 1.000 1.000 0.0000
7 to 12 32 1 1 0.969 0.969 0.0308
13 to 24 30 1 4 0.967 0.937 0.0435
25 to 36 25 0 3 1.000 0.937 0.0435
37 to 48 22 0 5 1.000 0.937 0.0435
49 to 60 17 0 1 1.000 0.937 0.0435
P = NS among all groups
Group I includes all patients in whom the preoperative arteriogram did not contribute significantly to the revision procedure.
Group IIA includes all patients in whom a significant lesion was identified by means of duplex scan, and additional significant informa-
tion was obtained from the arteriogram that influenced the revision procedure.
Group IIB includes all patients in whom only a low-flow state was identified by means of duplex scan, and the arteriogram was neces-
sary to identify the actual site of stenosis.
Twelve patients with multiple revisions had revisions that fell in more than one category, accounting for the numerical discrepancy
between Table IA and the sum of Tables IB, IC, and ID.
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low-flow states were detected by means of duplex
scan and arteriography was needed to identify the
actual site of stenosis (P < .05).
Conduit, operative indication, age of graft,
peak systolic velocity, systolic velocity ratio, and
ankle/brachial index. Neither the conduit of the
original graft (saphenous vs alternate vein), the orig-
inal operative indication, the age of the graft before
revision, PSV, SVR, nor interval decrease in ABI sig-
nificantly influenced discrepancies between findings




Interval (mo) At risk Deceased Withdrawn Interval survival Cumulative survival Standard error
0 to 1 168 0 0 1.000 1.000 0.0000
2 to 6 168 1 5 0.994 0.994 0.0059
7 to 12 162 5 18 0.969 0.963 0.0147
13 to 24 139 2 36 0.986 0.950 0.0174
25 to 36 101 5 15 0.950 0.903 0.0264
37 to 48 81 4 13 0.951 0.858 0.0332
49 to 60 64 5 12 0.922 0.791 0.0420
B. Group I survival
Interval (mo) At risk Deceased Withdrawn Interval survival Cumulative survival Standard error
0 to 1 100 0 0 1.000 1.000 0.0000
2 to 6 100 1 3 0.990 0.990 0.0099
7 to 12 96 3 9 0.970 0.959 0.0200
13 to 24 84 2 21 0.976 0.936 0.0253
25 to 36 61 3 11 0.951 0.890 0.0353
37 to 48 47 3 5 0.936 0.833 0.0458
49 to 60 39 4 9 0.897 0.748 0.0577
C. Group IIA survival
Interval (mo) At risk Deceased Withdrawn Interval survival Cumulative survival Standard error
0 to 1 48 0 0 1.000 1.000 0.0000
2 to 6 48 0 2 1.000 1.000 0.0000
7 to 12 46 2 8 0.957 0.957 0.0301
13 to 24 36 0 15 1.000 0.957 0.0301
25 to 36 21 0 2 1.000 0.957 0.0301
37 to 48 19 1 5 0.947 0.906 0.0567
49 to 60 13 1 3 0.923 0.837 0.0850
D. Group IIB survival
Interval (mo) At risk Deceased Withdrawn Interval survival Cumulative survival Standard error
0 to 1 32 0 0 1.000 1.000 0.0000
2 to 6 32 0 0 1.000 1.000 0.0000
7 to 12 32 0 1 1.000 1.000 0.0000
13 to 24 31 0 5 1.000 1.000 0.0000
25 to 36 26 2 2 0.923 0.923 0.0523
37 to 48 22 0 5 1.000 0.923 0.0523
49 to 60 17 0 1 1.000 0.923 0.0523
P = ns among all groups   
Group I includes all patients in whom the preoperative arteriogram did not contribute significantly to the revision procedure.
Group IIA includes all patients in whom a significant lesion was identified by means of duplex scan, and additional significant informa-
tion was obtained from the arteriogram that influenced the revision procedure.
Group IIB includes all patients in whom only a low-flow state was identified by means of duplex scan, and the arteriogram was neces-
sary to identify the actual site of stenosis.
Twelve patients with multiple revisions had revisions that fell in more than one category, accounting for the numerical discrepancy
between Table IA and the sum of Tables IB, IC, and ID.  
Arteriogram/duplex scan discrepancy in fre-
quently performed bypass grafts. The presence of
either additional arteriographic stenoses not detected
by means of duplex scan or low graft flow velocities
without an identifiable duplex scan stenosis in the
most frequently performed lower extremity bypass
graft configurations are presented in Table X. All fre-
quently performed lower extremity bypass graft con-
figurations had some discrepancy between the find-
ings of preoperative arteriograms and duplex scan.
The contribution of the arteriogram to the procedure
performed was most dramatic with PFA-tibial bypass
grafts, in which the arteriogram contributed to the
subsequent procedure in 75% of cases (P < .05).
DISCUSSION
In 86 of 205 lower extremity vein bypass graft
revisions (42%), arteriography performed before the
revision made a significant contribution to planning
the revision procedure. These included 38 (19%)
cases in which only a low-flow state was detected by
means of duplex scan and arteriography was neces-
sary to detect the actual site of stenosis, and 48 (23%)
cases in which high-velocity lesions were detected by
means of duplex scan, but additional pertinent infor-
mation was also obtained by means of the arteri-
ogram. Preoperative arteriography is clearly essential
in locating a graft stenosis in cases in which only a
low-flow state is identified by means of duplex scan.
Even when these were excluded, arteriography still
significantly contributed to determining the exact
operative revision in 29% of the 167 revisions in
which a significant stenosis was detected by means of
duplex scan. All lesions with more than 50% stenosis
on arteriogram were repaired. Although this is
aggressive, it is done deliberately to avoid leaving any
potentially graft-threatening lesions.
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Arteriography was most helpful in identifying addi-
tional significant lesions when the proximal anastomo-
sis was to the PFA, particularly with tibial outflow. PFA
inflow clearly indicates a disadvantageous situation at
the time of the original operation, either insufficient
vein length or the inability to use more proximal CFA
inflow. Both the use of SFA and PFA proximal anasto-
motic sites were associated with a greater prevalence in
which only a low flow velocity was detected by means
of duplex scan, without a detected high-velocity lesion.
However, even grafts with a CFA proximal anastomo-
sis were noted on occasion to have only a low-flow
state detected (8%) or to have additional lesions
detected by means of arteriography (24%). In addi-
tion, neither the original operative indication, conduit,
outflow, nor any of the patient demographic charac-
teristics examined were accurate means of predicting
arteriogram/duplex scan discrepancy.
Twenty percent of all graft revisions involved
inflow stenoses; however, this increased to 54% of revi-
sions in which additional information was obtained by
means of the arteriogram. In 21 cases, additional ipsi-
lateral inflow lesions were noted. Although duplex
scan is capable of insonating the aorta and iliac vessels,
it is difficult, particularly if the patient has not been
kept from consuming anything by mouth before the
examination, which frequently is not the case for rou-
tine graft surveillance in our vascular laboratory.
Another frequently missed lesion is the tandem
graft lesion, which is present after a more proximal
graft stenosis. Multilevel graft stenoses were present
in 39% of revised grafts. The proximal stenosis,
which is detected because of its associated high graft
flow velocity, decreases flow through the remainder
of the graft, such that the velocity of flow through a
distal stenosis is not as dramatically increased.
Although many investigators claim tandem lesions
are detectable,13,14 most such studies have been per-
formed on in situ grafts. In the anatomically tun-
neled grafts present in this study, tandem lesions
were more difficult to detect. The reason for the
high incidence of multilevel graft stenoses is unclear,
but may be related to frequent use of alternate and
composite veins for the original bypass grafts.
The authors of three recent papers have suggest-
ed preoperative arteriography may be performed
selectively before revision of failing arterial vein
grafts. Calligaro et al14 performed revisions in 73 of
106 (69%) failing arterial grafts on the basis of duplex
scan findings alone. These authors felt that the oper-
ative strategy was adequately predicted by means of
duplex scan findings in all except three patients
(4.1%). All patients, however, did undergo arteriog-
Table IV. Vascular risk factors in 162 patients
undergoing revision of a lower extremity reverse
vein graft
Age at revision (mean ± SD) 67 ± 10.6
Sex (% male) 71%
Hypertension 78%







P = ns among patients in whom the angiogram contributed sig-
nificantly to the revision procedure performed and those in whom
it did not.
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raphy, either before the procedure or intraoperative-
ly. The authors noted a 15% 30-day failure rate of
revised grafts. Although they cite the use of graft
angioplasty as possibly accounting for the high 30-
day graft failure rate, one can speculate missed addi-
tional lesions may also contribute to this, particularly
missed inflow lesions, which may not be detected by
intraoperative angiograms and which accounted for
52% of missed lesions in our current series.
A further difference between our study and that of
Calligaro et al is the high number of in situ grafts
(56%) in their series. Only 35 reversed vein grafts were
included. It has been suggested by some that reversed
vein bypass grafts may develop multiple stenoses or
diffuse conduit narrowing more than in situ grafts.17
This interesting suggestion is not addressed by this
study, because we do not use the in situ technique.
Also, the inflow artery was not specified in the series
of Calligaro et al. The site of the proximal anastomo-
sis significantly predicted arteriogram/duplex scan
disagreement in our study.
Treiman et al13 also suggested that graft revision
Table V. Influence of an earlier ipsilateral vascular procedure to subsequent arteriogram/duplex scan dis-
crepancy in planning revision of an infrainguinal reverse vein graft
Earlier ipsilateral No contribution of arteriogram Significant contribution Additional significant Low-flow state
vascular to subsequent revision of arteriogram to lesions found by means on duplex scan
procedure (n = 119) revision (n = 86) of arteriogram (n = 48) (n = 38)
None 79 (66%) 52 (60%) 30 (63%) 22 (58%)
Leg graft 24 (20%) 23 (27%) 13 (27%) 10 (26%)
Inflow 21 (18%) 22 (26%) 10 (21%) 12 (32%)
P = NS among all groups
Table VI. Contribution of proximal anastomotic site to discrepancies between arteriogram and duplex
scan in lower extremity reverse vein grafts undergoing revision
Proximal No contribution Significant contribution Additional significant Low-flow
anastomotic of arteriogram to of arteriogram to lesions found by state on
site subsequent revision revision arteriogram duplex
CFA (n = 85) 58 (68%) 27 (32%) 20 (24%) 7 (8%)
SFA (n = 59) 36 (61%) 23 (39%) 8 (14%) 15 (25%)*
PFA (n = 56) 23 (41%) 33 (59%)* 18 (32%) 15 (27%)*
POP (n = 3) 2 (67%) 1 (33%) 1 (33%) —
TIB (n = 2) — 2 (100%) 1 (50%) 1 (50%)
*P < .05 compared with CFA inflow
CFA, common femoral artery; SFA, superficial femoral artery; PFA, profunda femoral artery; POP, popliteal artery; TIB, tibial artery.
Table VII. Contribution of distal anastomotic site to discrepancies between arteriogram and duplex scan
in lower extremity reverse vein grafts undergoing revision
No contribution Significant contribution Additional significant Low-flow
of arteriogram to of arteriogram to lesion on state on
Distal anastomotic site subsequent revision revision arteriogram duplex scan
AKPOP (n = 23) 14 (61%) 9 (39%) 7 (30%) 2 (9%)
BKPOP (n = 87) 56 (64%) 31 (36%) 18 (21%) 13 (15%)
TIB (n = 87) 46 (53%) 41 (47%)* 19 (22%) 22 (25%)
AT (n = 36) 19 (53%) 17 (47%) 6 (17%) 11 (31%)
PT (n = 24) 15 (63%) 9 (38%)† 5 (21%) 4 (17%)
PER (n = 27) 12 (44%) 15 (56%) 8 (30%) 7 (26%)
Pedal (n = 8) 3 (38%) 5 (63%) 4 (50%) 1 (13%)
P = ns among all groups
*P = .15 compared with BKPOP
†P = .10 compared with BKPOP
AKPOP, above-knee popliteal artery; BKPOP, below-knee popliteal artery; TIB, tibial artery; AT, anterior tibial; PT, posterior tibial;
PER, peroneal.
JOURNAL OF VASCULAR SURGERY
278 Landry et al February 1999
could be performed on the basis of duplex scan find-
ings alone. They repaired 48 lesions in 31 patients
with a three-year overall patency rate of 92%. This
population differs from our study in that all grafts
were subcutaneously tunneled, only 10% originated
from the PFA, and only 32% were tibial or pedal
artery grafts. Only two inflow lesions (6.5% of revi-
sions) and one outflow lesion (3.2%) were detected.
In our series, inflow lesions were present in 42 revi-
sions (20.4%), and outflow lesions were detected in
38 revisions (18.5%). 
Treiman et al also reported that duplex scan was
an adequate means of finding multiple graft lesions.
Thirteen of their patients underwent revision for
multiple lesions, yet only five of these patients
underwent simultaneous revision. In the other eight
patients, the second lesion was found after the first
was repaired. Without the benefit of arteriography, it
is unclear if those lesions developed after the first
lesion was repaired or if they were present when the
first lesion was repaired but were not detected by
means of duplex scan.
Idu et al12 recently published the results of a mul-
ticenter Dutch study assessing the role of angiogra-
phy before graft revision. A standardized postopera-
tive vein graft surveillance protocol was performed in
300 patients, of whom 84 subsequently underwent
vein graft revision. These authors found a PSV of
more than 3.0 to have a high correlation with more
than 70% angiographic stenosis. According to their
proposed algorithm, patients with a PSV less than 2.5
underwent conservative treatment without angiogra-
Table VIII. Sites of stenoses in 205 cumulative graft revisions and in revisions in which the arteriogram
did and did not significantly contribute to the subsequent revision procedure
No contribution of Additional significant Low-flow
arteriogram to revision lesions detected by means of state on
Site of stenosis All revisions (n = 205) (n = 119) arteriogram (n = 48) duplex scan
Contralateral inflow 5 (2%) 0 (0%) 5 (10%) 0 (0%)
Ipsilateral inflow 37 (18%) 8 (7%) 21 (44%)* 8 (21%)†
Proximal anastomosis 39 (19%) 21 (18%) 12 (25%) 6 (16%)
Proximal graft 80 (39%) 41 (34%) 24 (50%) 15 (39%)
Mid graft 40 (20%) 25 (21%) 10 (21%) 5 (13%)
Distal graft 26 (13%) 10 (8%) 10 (21%) 6 (16%)
Distal anastomosis 17 (8%) 6 (5%) 6 (13%) 5 (13%)
Outflow 38 (19%) 18 (15%) 10 (21%) 10 (26%)
*P < .01, compared with “no contribution of arteriogram to revision”
†P < .05, compared with “no contribution of arteriogram to revision”
Table IX. Contribution of conduit, operative indication, period of graft implantation, peak systolic veloci-
ty (PSV), systolic velocity ratio (SVR), and interval change in ankle/brachial index (ABI) to discrepancies
between arteriography and duplex scan findings in lower extremity reverse vein graft revisions (RSVG)
No contribution of arteriogram Additional significant 
to procedure performed lesions found by means Low-flow state on
(n = 119) of arteriogram (n = 48) duplex scan (n = 38)
Age of graft before 24 ± 29 (median, 10) 22 ± 26 (median, 11) 35 ± 40 (median, 16)
revision (mo ± SD)
Conduit of original operation
Ipsilateral RSVG 79 (66%) 30 (63%) 23 (61%)
Contralateral RSVG 14 (12%) 4 (8%) 4 (11%)
Alternate 26 (22%) 14 (29%) 11 (29%)
Indication for original operation
Ulcer/gangrene 41 (34%) 17 (35%) 12 (32%)
Rest pain 36 (30%) 16 (33%) 19 (50%)
Claudication 42 (35%) 15 (31%) 7 (18%)
Aneurysm 2 (2%) — —
PSV (cm/s ± SD) 375 ± 132 365 ± 121 NA
SVR (SVR ± SD) 5.4 ± 2.6 5.1 ± 2.2 NA
D ABI > 0.2 28 (24%) 10 (21%) 11 (29%)
P = NS among all groups
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phy or revision, patients with a PSV greater than 4.0
underwent revision on the basis of duplex scan find-
ings alone without angiography, and patients with
PSV between 2.5 and 4.0 underwent angiography
before revision. However this policy resulted in a
two-year assisted primary patency of only 74% in the
revised grafts, compared with a 5-year assisted prima-
ry patency of 90.9% in the present series.
In summary, duplex scan surveillance of lower
extremity vein grafts is effective in identifying grafts
at risk for occlusion, and, in most patients, is capa-
ble of accurately identifying all sites of stenosis.
However, in our experience, the preoperative arte-
riogram contributed significant additional informa-
tion to the duplex scan findings in 42% of all cases.
Although this was most significant for grafts origi-
nating from the PFA, all frequently used graft con-
figurations proved susceptible to missed lesions,
most often from inflow lesions proximal to a steno-
sis identified by means of duplex scan, or from a
tandem lesion distal to a stenosis identified by
means of duplex scan. Available data does not per-
mit us to predict which grafts are most likely to con-
tain missed lesions in a duplex scan surveillance pro-
tocol. Until such data are available, we conclude
that arteriography remains an essential part of
patient evaluation in planning revision of a reversed
vein graft.
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Dr Keith D. Calligaro (Philadelphia, Pa). Last year, our
group presented a paper to this Society showing that two
thirds of failing vein grafts could be accurately revised based
solely on duplex scan, without preoperative arteriography.
The advantages of this approach are decreased morbidity,
patient discomfort, and cost associated with arteriography,
along with better patient acceptance of graft revision. 
Today, the group from the University of Oregon reports
that 58% of grafts could have been revised without preoper-
ative arteriography, a figure similar to the 66% that we
reported. Dr Landry, the most significant difference between
your findings and ours is that in 23% of your cases addition-
al lesions missed by means of duplex scan were identified by
means of arteriography, compared with only 4% in our series. 
My first question is why should duplex scan be less
accurate when the deep femoral artery is the inflow source? 
Second, what were the details of your protocol when
you suspected a failing graft? Our technicians routinely
scan the entire inflow artery, the graft, and the outflow
artery every 5 to 10 cm when there is any suggestion of a
failing graft.
Third, and most important, do you believe that multi-
ple lesions in failing reversed vein grafts are less likely to be
detected by means of duplex scan, compared with in situ
vein grafts? In your series, grafts were reversed, whereas in
ours most were in situ.
In summary, we believe that if at least half of failing
grafts that can be reliably revised without preoperative
arteriography can be identified by means of duplex scan,
significant patient morbidity and cost savings can be
achieved. Given our similar findings, we believe the group
from Oregon and our group from Philadelphia are look-
ing at the same glass of water. In the city of brotherly love,
we see a glass that is more than half full; whereas our col-
leagues from the very cloudy West coast see a glass that is
more than half empty. 
I would like to thank the Society for allowing me to
discuss this paper. Thank you.
Dr Gregory J. Landry. Thank you, Dr Calligaro. It
was your work and that of others that partially inspired our
investigation.
With respect to the first question about profunda
femoris inflow, when the profunda is used for a graft, it
typically means that there is a compromised situation,
either a poor quality vein, not enough vein, or some prob-
lem with the traditionally more proximal inflow sites. This
group is more difficult to insonate because of previous
scarring and deeper placement of the grafts.
We likewise have a detailed surveillance protocol,
including both the inflow to the graft, the entire body of
the graft, and the outflow arteries. An attempt is made to
insonate the inflow; however, this is frequently difficult.
When a patient hasn’t been kept from consuming anything
by mouth, sometimes it’s difficult to insonate the iliac ves-
sels. This may explain why we missed some inflow lesions.
With regard to the issue of multiple lesions in the
reverse vein grafts vs the in situ grafts, I think this is a very
significant problem. The reverse vein grafts obviously are
deeper. The vascular technologists in our laboratory find it
more difficult to insonate the deep grafts, as opposed to the
in situ grafts. I want to reiterate that the data that we pre-
sent today apply to our patient population, in which we
used reverse saphenous vein grafts. In Dr Calligaro’s group
and in that of others who have reported success with in situ
grafts, some of this data may not be completely applicable. 
Dr Luis A. Queral (Baltimore, Md). I very much
enjoyed your presentation. We, like most here in this room,
also use the vascular laboratory to determine which grafts
are at risk for failure. However, our approach is somewhat
different from yours in that the patients are taken directly
to the operating room for intraoperative arteriography and
corrective measures of the offending lesions. I wonder if
you could comment on this, because I think it’s much
more cost-effective and it has served us well. 
Dr. Landry. We do use preoperative and not intraop-
erative arteriography when we revise our reverse vein
grafts. We find the added detail of preoperative films
important in our planning of a graft revision. 
In our institution, only a uniplanar view of the vessel
can be obtained intraoperatively, as opposed to the inter-
ventional suite, where multiple views and orientations are
possible. With uniplanar views, it seems likely some lesions
may be missed.
Dr Jacob Buth (Eindhoven, The Netherlands). Dr
Landry, I enjoyed your paper very much. Last year, our
group presented a paper on the same topic. There are a num-
ber of differences in the focus and outcome between your
paper and ours. First, we correlated the duplex scan grading
of graft stenoses with angiographic severity. Have you done
a similar correlation, and, if so, what was the accuracy?
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The difference in outcome—our finding that
angiograms during follow-up can be avoided in a propor-
tion of patients—may be explained by our group having
used mainly nonreversed subcutaneously routed vein
grafts, whereas your group reviewed reversed vein grafts in
the anatomic plane. The number of missed significant
lesions was very low in our series. Considering the neces-
sity of a cost-effective approach to justify a vein graft sur-
veillance program, we feel that angiograms should be
avoided in selected patients.
My last question is about the selection of patients for
this study. If your vascular laboratory technologists had
equivocal duplex scan results in deep vein graft examina-
tion, how did you consider the outcome for this study?
Would you have had a better correlation between duplex
scan and angiography if you had excluded this particular
category of patients?
Dr Landry. We did look at the angiographic stenosis, as
well as the peak systolic velocity and the systolic velocity
ratios. In comparing the groups in which the arteriogram
and the duplex scan were equal, as opposed to those in
which there were discrepancies, we found no difference
with respect to peak systolic velocity, systolic velocity ratio,
and percentage of stenosis. So, in our experience this wasn’t
helpful in determining which grafts required arteriography.
Dr Buth. The second question was on selection. If
patients with technically less satisfactory duplex scan stud-
ies had been excluded from analysis, would the results of
this correlation have improved?
Dr Landry. Well, again, in our experience, we didn’t feel
that the problems with duplex scan were any fault of the
duplex scan examiners. Although examination of deeply
placed grafts is difficult, it was rare for the technologists to
feel their examination was unsatisfactory. Obviously, they
may be wrong.
Dr Alan Y. Synn (Denver, Colo). Dr Landry, I enjoyed
your presentation. A 90% 5-year secondary patency rate and
a 79% survival rate are noteworthy. I have two questions.
First, did your surveillance protocol include any mea-
surement of physiologic perfusion? This is particularly
important in evaluating the inflow. Abnormalities in seg-
mental pressure or pulse volume at the thigh level would
have alerted you to an inflow problem not otherwise iden-
tified by means of duplex scanning.
Second, as alluded to by Dr Buth, did you identify any
patient in whom the duplex scan examination itself may
have been suboptimal? We have encountered such diffi-
culties particularly in deeply positioned grafts, such as
those arising from the profunda femoral artery or termi-
nating in the distal peroneal artery.
Dr Landry. We routinely measure segmental pressures,
but not pulse volume recordings. We did not find seg-
mental pressures to be a significant means of predicting
grafts with inflow problems.
With respect to suboptimal duplex scan examinations
by the technologists, I think the grafts with which the
technologists have the most difficulty are those with a low-
flow velocity overall. These studies are also difficult to
interpret, and I think most people would agree they
required arteriography. Obviously, there were some stud-
ies that were recognized as unsatisfactory. However, we
were trying to assess the overall usefulness of duplex scan
as a sole study before graft revision, and therefore, we felt
all examinations, whether technically satisfactory or not,
should be included. 
Sergio X. Salles-Cunha (Toledo, Ohio). In the past
eight years, ultrasound imaging has improved dramatical-
ly, both B-mode and color-flow imaging, whereas there
have been some questions about Doppler velocity mea-
surements. Because your series ranges from 1990 to 1998,
I am assuming that your data are, on average, four years
old. Was there any improvement in protocols and in
results from 1990 to 1998?
Dr Landry. We did not assess accuracies in different
periods. Attempts are continually being made to improve
the quality of our vein graft surveillance, and this work
reflects our emphasis on this.
Dr Robert M. Zwolak (Lebanon, NH). Certainly
this is a very nice paper, but for those of us who believe
more and more that the duplex scan is the gold standard
for evaluation of arterial disease, the results in your IIB
group with a low flow velocity are quite surprising.
Especially surprising is the apparent inability of duplex
scan to find physiologically significant inflow stenoses.
So my question may reflect what Dr. Synn said: Is there
some way that this can be improved? Where do we go
from here? How do you change your protocol so that we
can identify inflow stenoses, at least, or is there no hope
of that?
Dr Landry. One of the main things we learned from
this study is the need to focus on potential inflow lesions.
We therefore need to keep the patient from taking any-
thing by mouth, and ensure they can undergo a prolonged
study of the inflow vessels. This isn’t always practical, but
it is likely necessary if one is going to adopt a policy of
operative revision without arteriography.
